In Western countries, ultraviolet (UV)-induced skin cancer has been studied extensively regarding the high incidence of skin cancers in the white population; however, for people of color, cataracts are the main public health issue in relation to increased ambient ultraviolet radiation (UVR). To our knowledge, few studies have been conducted examining the relationship between cataracts and ambient UVR in China. In this study, we aimed to explore the relationship between and the factors influencing the disability prevalence of cataracts and annual ambient erythemal UVR exposure in 31 regions of China. The data used to determine the disability prevalence of cataracts was obtained from the Second China National Sample Survey on Disability. The regional annual erythemal UVR was calculated using Geographic Information System (GIS) methods based on data from the National Aeronautics and Space Administration (NASA) database. The relationship between the disability prevalence of cataracts and the annual ambient erythemal UVR was examined by using logistic regression. Both the age-standardized disability prevalence of cataracts (OR = 3.97, 95%CI 1.30-12.13, per 100KJ/m 2 increase in annual ambient erythemal UVR) and the disability prevalence of cataracts among a population $65 years old (OR = 3.97, 95%CI 1.30-12.13, per 100KJ/m 2 increase in annual ambient erythemal UVR) were higher in association with higher ambient erythemal UVR. Regions with higher urbanization and educational levels had lower disability prevalence of cataracts. We found positive associations of the age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old with ambient erythemal UVR in 31 regions of China.
Introduction
Since the hole in the ozone layer in the South Pole was firstly reported in 1985 [1] , ozone depletion has become an important environmental issue that has attracted worldwide attention. Two main public health issues in relation to ozone depletion, increased ultraviolet (UV)-induced skin cancer and cataracts, have been studied by researchers from different countries over the past two decades [2] [3] [4] [5] [6] [7] [8] . In Western countries, UV-induced skin cancer is more well studied than cataracts due to the high incidence of skin cancer among the white population. For people of color, however, cataracts have been the main public health concern due to increased ambient UVR [3] [4] [5] 9 ] because this population is less likely to develop skin cancer due to the protective properties of their skin.
The relationship between cataracts and ambient UVR or UV exposure has been established in previous studies [7, [10] [11] [12] . For example, West et al. reported that the odds of cortical opacity increased with increasing ocular exposure to ultraviolet radiation-B (UVB) [10] . Additionally, West et al. estimated that 167,000-830,000 additional cases of cortical cataracts would be identified by 2050 in the U.S. with 5-20% ozone depletion resulting in an increase of UVB rays [7] . However, to our knowledge, few studies have been conducted on the relationship between cataracts and ambient UVR or UV exposure in China.
The unique geographic condition and epidemiological characteristics of cataracts make China an ideal country to study the relationship between cataracts and ambient UVR. From a geographic point of view, from the southernmost region to northernmost region, China extends across nearly 50 degrees latitude, and the altitude of the western and eastern regions differs by nearly 4,000 meters. China's wide ranges in latitude and altitude provide a broad environmental gradient for estimating UV exposure.
In 2007, China's cataract patients numbered more than 60 million, and the population with a disability caused by cataracts numbered more than 7 million [13] . Today, cataracts are the leading cause of visual disability in China [14, 15] . When taken together, the enormous public health burden attributed to cataracts along with the country's geographic conditions make studying the relationship between the prevalence of cataracts and ambient UVR in China an urgent and suitable endeavor. Because up-to-date national data on the prevalence of cataracts was not available due to the lack of recent national epidemiological surveys, in the present study, we used the disability prevalence due to cataracts obtained from the Second China National Sample Survey on Disability as the index of UV-induced health effects on eyes.
The present study used data from the Second China National Sample Survey on Disability in 2006 to calculate the agestandardized disability prevalence of cataracts in 31 regions of China and used estimated daily ambient erythemal UVR from National Aeronautics and Space Administration (NASA) satellites, together with ArcGIS software, to calculate annual ambient erythemal UVR in corresponding regions. The main objectives of this study were (1) to estimate the disability prevalence of cataracts and the annual ambient erythemal UVR in 31 regions of China; (2) to evaluate the relationship between the disability prevalence of cataracts and annual ambient erythemal UVR in China; and (3) to compare the disability prevalence of cataracts and annual ambient erythemal UVR by latitude and altitude, respectively.
Methods

Ethics Statement
The Second China National Sample Survey on Disability was a government-organized survey, and was conducted by the China Disabled Persons' Federation and approved by the State Council of the People's Republic of China. The procedures of this survey satisfied the requirements of the Statistics Law of the People's Republic of China. All survey subjects completed the written informed consent provided by the Chinese government.
Measurement of the disability prevalence of cataracts
The Second China National Sample Survey on Disability was carried out on April 1, 2006 in 31 regions, including 22 provinces, 5 autonomous regions, and 4 municipalities in Mainland China. The geographic distribution of the 31 regions is shown in Figure 1 . A stratified, multi-phased cluster random sampling design was applied in this survey. Sampling was conducted at three levels. The offices at the provincial level randomly selected 734 counties (cities or districts) based on economic development in each region. Each county then randomly selected 4 towns (with the exception of Beijing, Tianjin, and Shanghai, which selected more than 4 towns each) for a total of 2,980 towns (townships or streets). Finally, each town and street randomly selected 2 communities for a total of 5,964 communities represented in this survey [13] . The nationwide participation rate was 1.93%. The investigation was conducted in two stages. The first stage consisted of residential family investigation. The 771,797 sampled families and 2,526,145 people within the included families were asked to report the disabled individuals who suffer from abnormalities such as a loss in function (psychologically or physiologically) or anatomical structure of a certain organ and whether they have totally or partially lost the ability to perform an activity in a way considered to be normal based on the guidelines provided in the screening table of the Second China National Sample Survey on Disability. The second stage involved the investigation of the identified disabled persons. All candidates received medical tests and were graded according to the Grading Standard of Disabilities of the Second China National Sample Survey on Disability. Of those selected, there were 142,112 families with disabled persons and 161,479 people with disabilities within the included families.
This survey targeted populations within the People's Republic of China who were permanent residents of the sampled residential quarters. Three types of survey forms were used: household questionnaires, disability questionnaires and community questionnaires. There were 52 survey items in all that included family and personal information on the sample group, focusing on the causes of disability, living conditions and major needs of the disabled population.
In this survey, ''visual disability'' referred to poor vision or the constriction of visual field in both eyes that may have been caused for various reasons and is uncorrectable. Visual disability consisted of two categories: blindness and low vision. The grading standard of visual disability is shown in Table 1 [13] . In the Second China National Sample Survey on Disability, ''visual disability'' was measured first and the reason of visual disability was examined by ophthalmologist for each visually disabled subject. If the subject was diagnosed as cataract, this subject was categorized as ''visual disability due to cataract''.
Measurement of ambient erythemal UVR
Erythemal UVR is commonly calculated by weighing the solar UV radiation with the erythemal action spectrum to reflect the erythemal effect of UVB radiation to the human skin. The estimated daily ambient erythemal UVR, expressed in joules per meter squared (J/m 2 ), was obtained on a 1u of latitude (89.5S to 89.5N) by 1u of longitude (180W to 180E) grid for all of China. The grid was generated from the NASA Goddard Space Flight Center Data Archive Center database of readings from the Total Ozone Mapping Spectrometer mounted on the Nimbus-7 satellite [16] and Earth Probe satellite [17] . We estimated the erythemal UVR measurement by averaging daily estimates from 1980 through 2005 and calculated the annual erythemal UVR based on the assumption that the relative distribution of annual UVR was stable over time. As the NASA database did not provide a complete dataset of estimated daily erythemal UVR from 1993 to 1996, data from these years were not included in this study. ArcGIS 9.2 (http://www.esri.com/software/arcgis/index.html) software was used for spatial modeling of the erythemal UVR data, and the selection function was used to obtain region-level average daily erythemal UVR. Then annual erythemal UVR was calculated based on the regional average daily erythemal UVR.
Statistical analysis
We calculated the number of patients with visually disabling cataracts of different age groups in each of the 31 regions (0-14 years, 15-64 years and $65 years) based on the survey data. We calculated the total and age-specific disability prevalence of cataracts for each region by dividing the number of patients with visually disabling cataracts in each age group by the surveyed population in each age group.
To control for the effect of age on the disability prevalence of cataracts, we age-standardized the disability prevalence of cataracts using an direct standardization method. Several steps were included in this method: (1) the disability prevalences of cataracts for each of the three age groups (0-14,15-64, $65) were obtained from the surveyed population in each region; (2) the disability prevalence of cataracts in each of the three age groups in each region was multiplied by the number of people representing the standard population (the entire population of the survey) in each of the three age groups, and the three products were then summed to obtain the expected disability population of cataracts for each region; (3) the standard population was divided by the expected disability population of cataracts in each region to obtain the age-standardized disability prevalence for each region.
We also calculated the annual ambient erythemal UVR in three different decades (1980 s, 1990 s, and 2000 s) and the average annual ambient erythemal UVR of 31 regions in China.
SPSS 17.0 software was used to perform a logistic regression analysis to establish the relationship between the age-standardized disability prevalence of cataracts and the annual erythemal UVR.
The age-standardized disability prevalence of cataracts was defined as ''1'' if it was larger than the median and as ''0'' if it was equal or smaller than the median, and it was analyzed as the binominal dependent variable. The annual erythemal UVR was the independent variable in the model. Similarly, the relationship between the annual ambient erythemal UVR and the disability prevalence of cataracts among a population $65 years old was established using the same method. In these two models, the unit of the annual ambient erythemal UVR was transferred from KJ/ m 2 to 100KJ/m 2 . Thirty-one regions were divided into three groups based on latitude and altitude. Regions with an average latitude below or including 30uN were allocated to latitude group 1; regions with an average latitude between 30uN and 40uN were allocated to latitude group 2; and regions with an average latitude above or including 40uN were allocated to latitude group 3 ( Figure 2 ). Regions are divided into three altitude groups based on the unique geographic feature of China, which Chinese geographers name ''three-step ladder''. Regions with an average altitude higher or equal to 4,000 meters were allocated to altitude group 1; regions with an average altitude between 500 meters and 2,000 meters were allocated to altitude group 2; and regions with an average altitude less than 500 meters were allocated to altitude group 3 ( Figure 3 ). Regions with an average altitude between 2,000 meters and 4,000 meters don't exist in China. Kruskal-Wallis test was used to compare the age-standardized disability prevalence of cataracts, disability prevalence of cataracts among a population $65 years old, and the ambient erythemal UVR among the three latitude groups and among the three altitude groups. Wilcoxon rank sum test was performed to do pairwise comparisons by adjusting a level to 0.017 (0.05/3).
To roughly reflect the effect of urbanization and educational levels on the amount of time people spent outdoors and further on the disability prevalence of cataracts, we compared the age- standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old between Beijing and Hebei as well as between Shanghai and Zhejiang. Beijing (longitude 115u249E-117u309E and latitude 39u289N-41u059N; altitude<43 meters) and Shanghai (longitude 120u519E-122u129E and latitude 30u409N-31u539N; altitude<4 meters) are two municipalities that are self-governed. These two cities have high population densities, high urbanization levels, and high education levels, resulting in a high proportion of indoor workers in these two cities. Hebei Province (longitude 113u049E-119u539E and latitude 36u019N-42u379N; altitude<50 meters) and Zhejiang Province (longitude 118u249E-122u249E and latitude 27u309N-31u009N; altitude<350 meters) are located at geographic positions where the latitude and altitude are similar to those of Beijing and Shanghai, respectively. The data in Table 2 showed that the annual ambient erythemal UVR in Beijing and Heijing were similar and that the exposure in Shanghai and Zhejiang were also similar. Compared to Beijing and Shanghai, the urbanization and education levels of the population in Hebei Province and Zhejiang Province were lower. In 2005, the proportion of the urban population in Beijing was 83.62%, whereas in Hebei province, the urban population was 37.69%. The proportion of the urban population in Shanghai was 89.09%, whereas 56.02% in Zhejiang Province represented the urban population [18] . The proportion of people with a college education or above was 12.13% in Beijing, but only 1.15% in Hebei. The proportion of people with a college education or above was 8.23% in Shanghai, but only 1.83% in Zhejiang [12] . We compared the agestandardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old between Beijing Province and Hebei Province and between Shanghai Province and Zhejiang Province to observe the influence of outdoor time on the actual UV exposure among the population and its influence on the disability prevalence of cataracts.
Results
Distribution of the disability prevalence of cataracts
The Second China National Sample Survey on Disability surveyed 2,525,145 people, and the total number with a visual disability caused by cataracts was 18,085. As shown in Table 2 , the average age-standardized disability prevalence of cataracts in the country was 749 per 100,000. Beijing had the lowest agestandardized disability prevalence of cataracts at 213 per 100,000, while Xizang (Tibet) had the highest age-standardized disability prevalence of cataracts at 1,651 per 100,000. The national average age-standardized disability prevalence of cataracts among a population $65 years old was 6,984 per 100,000. The lowest disability prevalence of cataracts among a population $65 years old was observed in Beijing (2,018 per 100,000), while the highest was observed in Xizang (15,148 per 100,000). Table 3 .
Distribution of the ambient erythemal UVR
Relationship between the disability prevalence of cataracts and the annual ambient erythemal UVR
As shown in Figures 4 and 5 , the age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years both increased with increases in the annual exposure to erythemal UV. The age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years were found to be associated with the annual ambient erythemal UVR in the logistic regression models [OR age-standardized disability prevalence of cataracts = 3.97, 95%CI 1.30-12. 
The influence of latitude and altitude
As shown in Table 4 , the median annual ambient erythemal UVR of latitude group 1 was 288.13 KJ/m 2 higher than that of latitude group 3 (P = 0.005). Compared to latitude group 3, the median age-standardized disability prevalence of cataracts was 652/100,000 higher (P,0.001), and the median disability prevalence of cataracts among a population $65 years old was 6,678/100,000 higher (P,0.001) in latitude group 1. The median annual ambient erythemal UVR of latitude group 2 was 151.76 KJ/m 2 higher than that of latitude group 3 (P = 0.002). Compared to latitude group 3, the median age-standardized disability prevalence of cataracts was 306/100,000 higher (P,0.001), and the median disability prevalence of cataracts among a population $65 years old was 2,813/100,000 higher in latitude group 2 (P,0.001).
As shown in Table 5 , the medians of the age-standardized disability prevalence of cataracts and the medians of the disability prevalence of cataracts among a population $65 years old were not significantly different for any of the altitude groups. The median annual ambient erythemal UVR of altitude group 1 was 747.57 KJ/m 2 higher than that of altitude group 3 (P = 0.009).
Influence of urbanization level and educational level
Age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old in Hebei Province were 566 per 100,000 and 5,274 per 100,000, respectively, while in Beijing, these values were 213 per 100,000 and 2,018 per 100,000, respectively. The disability prevalence of cataracts in Hebei was higher when compared to that in Beijing. The age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old in Zhejiang Province were 600 per 100,000 and 5,645 per 100,000, respectively, while in Shanghai, these values were 408 per 100,000 and 3,750 per 100,000, respectively. The age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old were higher in Zhejiang Province compared with Shanghai. 
Discussion
The results in the present study demonstrated that Xizang (Tibet) had the highest ambient erythemal UVR (annual exposure: 1776.29 KJ/m 2 ) and the highest age-standardized disability prevalence of cataracts (1,651 per 100,000). Xizang has an average altitude of over 4,000 meters, which makes the air much thinner than in the lower, plains regions. Additionally, the long duration of sunshine and the intense reflection and scattering of UV radiation due to rocks and snow on the Xizang Plateau also contribute to the high ambient erythemal UVR in Xizang. Hainan Province (which is located at the southernmost part of China and has the lowest average latitude and a low altitude) also had a very high annual ambient erythemal UVR and a high disability prevalence of cataracts. Conversely, regions of the northeastern part of China (which has the highest latitudes, low altitudes, and shorter hours of sunshine) had the lowest ambient erythemal UVR and the lowest disability prevalence of cataracts.
Notably, the present study found that when we controlled the effect of age structure of populations by age-standardizing, there was a strong correlation between the age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old. The reason would be that cataract is generally a disease of older age and the agestandardized disability prevalence was largely made up of the disability prevalence of cataracts among a population $65 years old.
In the present study, we found that the age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years old were both associated with the annual ambient erythemal UVR in 31 regions of China. A 100KJ/m 2 increase in the annual ambient erythemal UVR was associated with a 397% increase in the log odds of having a regional age-standardized disability prevalence of cataracts or a disability prevalence of cataracts among a population $65 years above the median level.
Latitude and altitude are two main determinants of both ambient erythemal UVR level and disability prevalence of cataracts. Javitt and Taylor identified UVB (280-320 nm) exposure as inversely correlated with latitude and showed that the probability of cataract surgery in the U.S. increased by 3% for each 1-degree decrease in latitude [19] . Our findings also showed that the age-standardized disability prevalence of cataracts, the disability prevalence of cataracts among a population $65 years old, and the ambient erythemal UVR were significantly higher in low and middle latitude regions than in high latitude regions.
Blumthaler et al. found that UVB irradiance increased with altitude in and over the UVB band: 24% per 1,000 m at 300 nm and 11% per 1,000 m at 320 nm inside the UVB band and 9% per 1,000 m at 370 nm(UVA 320-400 nm) outside the UVB band [20] . The present study showed that the ambient erythemal UVR in regions with an average altitude above 4000 m (including Xizang and Qinghai Provinces) were significantly higher than that in regions with an average altitude between 500-2000 m. However, the age-standardized disability prevalence of cataracts and the disability prevalence of cataracts among a population $65 years in the three altitude groups were not significantly different. The lack of significance in these results could be the small sample size in each altitude group. Beijing and Shanghai had a lower age-standardized disability prevalence of cataracts and disability prevalence of cataracts among a population $65 years old compared to Hebei and Zhejiang, which are geographically similar to Beijing and Shanghai respectively, but with a much lower population density. The findings are thus consistent with a lower level of outdoor exposure in the more urbanized regions, and thus with the findings that higher UVR exposure (a combination of ambient UVR and time outdoors) increases the likelihood of having a disabling cataract.
Several strengths were presented in this study. First, this is the first study to investigate the relationship between the disability prevalence of cataracts and ambient erythemal UVR in China. A very large sample size from the Second China National Sample Survey on Disability provided this study with a good representation of people of color. Second, we included 31 regions of China in this study. A wide range in latitude and altitude in these regions provides a broad environmental gradient for estimating ambient erythemal UVR and the disability prevalence of cataracts. Third, vision disability not only devalues the quality of life of cataract patient, especially among the elderly, but also brings serious economic and disease burden to individuals, families and communities. The results of this study can provide scientific support to further research on the prevention of cataracts, especially for people of color, thus help to decrease the disease burden of cataracts and improve cataract patients' quality of life.
However, several limitations in the present study must be mentioned. First, we used the average ambient erythemal UVR in each region to describe the ambient UVR. It did not reflect the actual UV exposure of individual populations. The geographic environment and population distribution in some regions were so complicated that we may have masked the affect of these characteristics by using the average value. For example, the average altitude in the eastern part of Sichuan Province is below 500 meters, whereas the average altitude in the western part is between 4,000 and 4,500 meters. It is possible there was a substantial difference in ambient erythemal UVR between these two regions. Most of the population in Sichuan Province was located in the eastern part; thus, when we used the average ambient erythemal UVR in each region, we may have overestimated the actual UV exposure of the local population and masked Table 5 . Comparison of the age-standardized disability prevalence of cataracts, the disability prevalence of cataracts among a population $65 years old and the ambient erythemal UVR among the three altitude groups. the affect related to the differences in geographic characteristics and population density. Second, many factors influence the actual UV exposure of a population, such as activity time outdoors and air quality. To roughly reflect the influence of activity time outdoors on the disability prevalence of cataracts, we compared the disability prevalence of cataracts between regions with similar latitude and altitude (Beijing vs. Hebei; Shanghai vs. Zhejiang); however, precise estimation of the activity time outdoors of the population is difficult to achieve. Additionally, air quality (smog or dust) in urban areas could have a major effect on actual UV exposure. For example, the number of smog days in Beijing might have a major effect on individual UV exposure. Third, some factors that can influence the disability prevalence of cataracts, such as cataract surgery frequency, diabetes, medications and smoking were not included in the present study. For example, patients who had surgery would have normal vision and would not have been detected in the screen for disability. It is plausible, for example, that people who live in Beijing or Shanghai have much better access to cataract surgery and have a much higher volume of surgery performed. This would result in lower rates of visually disabling cataracts in these areas. Finally, studies have shown that UVR was mainly related to the prevalence of cortical cataracts [10] . However, the disability prevalence of cortical cataracts is difficult to obtain in 31 regions because the Second China National Sample Survey on Disability did not capture details on the types of cataracts. Although the survey was not designed for our study, the national data of disability prevalence was still very valuable in studying the health effects of increased ambient UVR.
